INTRODUCTION {#sec1-1}
============

Acne vulgaris is a chronic inflammatory disorder of the pilosebaceous unit affecting more than 85% of adolescents and often persisting into later adulthood.\[[@ref1]\] Conventional therapy with antibiotics and retinoids yield mixed results and can be complicated by antibiotic resistance and adverse treatment profiles. Therefore, newer therapeutic modalities such as light-based therapy have been developed to address the need for acne treatment. A variety of narrowband light sources, intense pulsed light (IPL), lasers, and photodynamic therapy (PDT) have been studied. Treatment with these light sources may offer improvements in inflammatory acne and acne scarring, with more limited benefit for noninflammatory (comedonal) acne.

Mechanism of action of light-based therapies {#sec2-1}
--------------------------------------------

Previous clinical observations and studies have shown that patients experience acne improvement after exposure to natural sunlight but the specific mechanism had not been elucidated.\[[@ref2]\] More recently, it has been postulated that light-based therapies work to decrease *Propionibacterium acnes* level and reduce pilosebaceous unit size and function.\[[@ref3]\] Specifically, light is absorbed by porphyrins produced naturally within sebaceous follicles by *P. acnes*.\[[@ref4][@ref5]\] Porphyrins (coproporphyrin III and protoporphyrin IX) absorb light wavelengths between 400 and 700 nm with 415 nm wavelength within the blue light spectrum being most effectively absorbed. Light absorption leads to photo-excitation of porphyrins and subsequent release of singlet oxygen and reactive free radicals that exert bactericidal effects on *P. acnes*. Longer wavelengths, such as red light, activate porphyrins less effectively but penetrate deeper into the skin where it may directly target sebaceous glands and exert anti-inflammatory properties by influencing cytokine release from macrophages.\[[@ref6][@ref7]\] Blue light has also been shown to exert anti-inflammatory effects in keratinocytes.\[[@ref8]\] On the other hand, therapy with infrared (IR) lasers (1320, 1450, 1540 nm) and PDT may directly cause phototoxic and photothermal damage to sebaceous glands, resulting in reduced gland size and sebum production.\[[@ref3]\] The IPL (400--1200 nm), pulsed dye lasers (PDL, 585--595 nm) and potassium titanyl phosphate lasers (KTP, 532 nm) may also similarly disrupt sebaceous gland function through direct phototoxic and thermal damage, and/or exert bactericidal effects on *P. acnes* via induction of reactive free radicals \[[Table 1](#T1){ref-type="table"}\].
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Blue or blue-red light {#sec2-2}
----------------------

Thiboutot *et al.* reviewed 8 studies published between 2000 and 2006 investigating blue light treatment of mild-to-moderate acne and found moderate evidence in support of its efficacy, especially for inflammatory lesions.\[[@ref3]\] A systematic review of 25 randomized controlled trials of light therapies for acne up to 2007 concluded that multiple treatments with blue light, blue-red light, or IR radiation were more likely to produce successful outcomes than with yellow, green, or red light.\[[@ref9]\]

We summarize studies investigating blue light or blue-red light for acne treatment in [Table 2](#T2){ref-type="table"}.\[[@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31]\] In general, high-intensity narrowband light (405--420 nm) applied for 8--20 min twice weekly for four weeks was reported to reduce inflammatory acne lesion count in the 60%--70% range; noninflammatory acne lesions were less affected. Similarly, a combination of blue-red light has been reported to reduce inflammatory lesions from 69% to 77% with more modest effect on noninflammatory lesions. Sadick reported in a small pilot study that a combination of blue (415 nm) and IR (830 nm) was less effective in reducing inflammatory acne lesions compared with blue and red light combination reported in previous studies.\[[@ref25]\] Although most studies on blue or blue-red light were small open label trials with a small sample size, notably a more recent double-blind, randomized controlled trial comparing blue-red light therapy versus sham device in Korean patients found reductions of 77% and 54% in inflammatory and noninflammatory acne at 12 weeks after 2.5 min of twice daily use for four weeks, results that are comparable to earlier open-label trials.\[[@ref26]\] In addition, reduced sebum production and sebaceous gland size, and attenuated inflammatory cell infiltrations were noted in the treatment group.

###### 

Summary of studies of blue or blue-red light treatment for acne

![](IDOJ-6-145-g002)

A few studies compared blue or blue-red light treatment to conventional acne therapy. However, Papageorgiou *et al.* reported a mean improvement of 76% in inflammatory lesions treated with blue-red light compared with benzoyl peroxide or blue light alone.\[[@ref27]\] Another study comparing blue light therapy to 1% topical clindamycin solution found an overall 34% reduction in inflammatory acne with blue light compared with 14% for clindamycin.\[[@ref28]\]

A few studies have compared efficacy of blue light versus other light therapies in acne clearance. Aminolevulinic acid (ALA) PDT with blue light source resulted in a higher percentage reduction of inflammatory lesions at 8, 12, and 16 weeks follow-up compared with blue light alone; however, the differences were not statistically significant.\[[@ref29]\] Another study showed that ALA-PDT with red light source achieved ≥90% acne clearance at one month in more patients (92%) than blue-red light-emitting diode (LED, 44%) or IPL (58%). However, both IPL and LED were much better tolerated with adverse effects (slight erythema and stinging) resolving within two hours compared with PDT adverse effects (mild-to-moderate pain, erythema, and edema) that resolved within 5--7 days.\[[@ref31]\]

Overall, the evidence suggests that blue light and blue-red light combination is effective in treating mild to moderate inflammatory acne lesions. However, more trials comparing blue and blue-red light therapy with conventional acne treatments such as topical retinoids and antibiotics, and studying their effects on severe acne are needed. In addition, longer follow-up with delineation of long-term benefits, relapse, and adverse effects would be helpful.

Intense pulsed light {#sec2-3}
--------------------

### IPL monotherapy {#sec3-1}

IPL (400--1200 nm) devices employ flashlamps and bandpass filters to produce polychromatic incoherent high-intensity pulsed light of determined wavelength spectrum, fluence, and pulse duration.\[[@ref32]\] Absorption of red and blue light can activate porphyrins that reduce *P. acnes* growth. In addition, endogenous chromophores in the skin absorb broad spectrum light delivered by IPL to achieve damage of blood vessels supplying sebaceous glands, thus reducing sebaceous gland size and/or function. IPL may also exert an anti-inflammatory effect through downregulation of tumor necrosis factor alpha (TNF-α)\[[@ref33]\] and upregulation of transforming growth factor-beta1 (TGF-β)/Smad3 signaling.\[[@ref34]\] A systematic review of IPL identified 21 studies that investigated the efficacy of IPL in acne treatment.\[[@ref35]\] Overall, reported efficacy of IPL for acne treatment ranged from 34% to 88% improvement depending on acne type (inflammatory vs noninflammatory). The level of evidence for IPL efficacy was determined to be moderate based on limiting factors such as lack of high-quality controls in randomized controlled trials.

Kumaresan *et al.*\[[@ref36]\] studied the efficacy of IPL in facial acne treatment with burst-pulse and single-pulse modes of treatment. In the single-pulse mode, fluence is delivered in a single shot or pulse, whereas in the burst-pulse mode the total fluence is divided into a series of pulses with a delay between the pulses (in this case, 5 pulses with delay of 6 ms). Burst-pulse technique allows selective photothermal and phototoxic effect to targeted lesions and can potentially achieve delivery of higher cumulative light doses and selective damage. Burst-pulse technique is applicable to a wide variety of laser and IPL devices. Both single- and burst-pulse modes showed a reduction in acne severity with burst-pulse mode being slightly more efficacious (56%) than the single-pulse mode (40%). Similar promise has been shown in other studies. Kawana *et al.*\[[@ref37]\] demonstrated reduction of noninflammatory and inflammatory acne to 11%--12% of baseline in Asian skin treated with IPL at 400--700 nm and 870--1200 nm. In contrast, Chang *et al.*\[[@ref38]\] studied the utility of IPL equipped with a 530--750 nm filter for inflammatory acne treatment in 30 Asian female patients with mild-to-moderate acne. Results showed that this wavelength band of IPL was safe and effective in improving red macules, irregular pigmentation, and altered skin tone associated with acne but did not show significant improvement in inflammatory acne lesions.

Several studies examined the effectiveness of IPL compared with other therapeutic light modalities. Sami *et al.*\[[@ref30]\] demonstrated that patients treated with IPL required a mean of six sessions to reach a ≥90% clearance of their inflammatory lesions compared with four sessions for PDL and 10 sessions for LED blue-red light. At the mid-point evaluation, the percentage reduction in acne lesions treated with the IPL was 41.7% compared with 90% for PDL and 35% for LED blue-red light. Similarly, in a randomized trial comparing IPL, PDT, and blue-red LED in Chinese subjects, Liu *et al.*\[[@ref31]\] reported that 58% of subjects treated with IPL achieved ≥90% acne clearance at 1 month compared with 92% for PDT and 44% for blue-red LED. The results of these studies demonstrate IPL monotherapy as a promising treatment option for facial acne, although it is less effective compared with PDL and PDT but more effective than blue-red LED. In addition, Choi *et al.*\[[@ref39]\] reported that although IPL induced initially faster and better response than PDL for inflammatory acne, it was associated with rebound aggravation after treatment termination.

A few studies have compared IPL alone versus conventional therapies. One study reported IPL to be inferior to 5% benzyl peroxide gel in treating mild to severe inflammatory acne.\[[@ref40]\]

### IPL in combination with other modalities {#sec3-2}

Most studies investigating IPL in combination with other modalities have examined IPL with a photosensitizing agent. Taub compared the effectiveness of ALA-PDT with activation by IPL (600--850 nm) versus a combination of IPL (580--980 nm) and bipolar RF versus blue light (417 nm) in treating acne vulgaris in a randomized trial.\[[@ref41]\] Results at one month and at the end of three months showed that IPL activation of ALA-PDT provided greater, longer-lasting, and more consistent improvement than the other modalities. Santos *et al.*\[[@ref42]\] have also demonstrated promising results in their study comparing ALA with IPL versus IPL monotherapy. At the end of the fourth week of their split-face study, patients showed visible improvement of facial acne that was more significant on the ALA IPL side of the face persisting until the eighth week post-treatment, whereas the side treated with IPL alone returned to baseline. Shaaban *et al.* compared the efficacy of intralesional ALA with IPL versus IPL monotherapy in patients with nodulocystic and inflammatory acne and found that intralesional ALA with IPL was significantly more effective in reducing both number of acne lesions and recurrence than IPL alone.\[[@ref43]\] Mei *et al.* compared ALA-IPL versus IPL alone in treatment of moderate-to-severe acne in Chinese patients and reported a mean reduction of acne lesion counts of 75% in ALA-IPL-treated patients compared with 51% in IPL monotherapy group.\[[@ref44]\] On the other hand, Yeung *et al.* did not find significant improvement in moderate inflammatory acne in his study that involved the use of methylaminolevulinic (MAL) PDT with IPL.\[[@ref45]\] Hong *et al.* found that MAL combined with red light or IPL produced similar improvement in both inflammatory and noninflammatory acne, although MAL-red light combination produced faster response.\[[@ref46]\]

In general, adverse effects were more severe and longer lasting when IPL is used in combination with a photosensitizing agent. Reported adverse effects include edematous erythema, crusting with exfoliation, post-treatment hyperpigmentation, and monomorphic acneiform eruptions that resolved spontaneously within 1--10 days.

Relatively few studies have examined IPL combined with conventional acne treatments. Faghihi *et al.*\[[@ref47]\] found that IPL combined with topical erythromycin 2% solution was more effective than topical erythromycin 2% solution in reducing macular and erythematous inflammatory acne lesion remnants.

Overall, most clinical trials employing IPL in acne treatment have shown efficacious results, with more promising results for IPL used in combination with ALA than IPL monotherapy.

Laser sources including the KTP laser, PDL, and IR lasers {#sec2-4}
---------------------------------------------------------

### Potassium titanyl phosphate laser {#sec3-3}

In contrast to nonlaser light sources, lasers can selectively target endogenous or exogenous tissue chromophores by delivering coherent light of high radiance. KTP green light laser (532 nm) has traditionally been used to treat vascular lesions such as rosacea and telangiectasia.\[[@ref48]\] More recently, KTP has been employed for acne therapy with minimal side effects.\[[@ref49]\] Selective photothermolysis of blood vessels supplying sebaceous glands and/or a photodynamic reduction of *P. acnes* may underlie the therapeutic efficacy of KPT laser. Baugh *et al.* conducted a split-face study to determine the effectiveness of weekly treatment with KTP laser in 26 patients and reported a 35% and 21% reduction in acne severity at 1 and 4 weeks postfinal treatments, respectively.\[[@ref50]\] No adverse effects were experienced, demonstrating that KTP laser was both safe and effective. Another study by Yilmaz *et al.* examined safety and efficacy of once a week versus twice weekly application of KTP laser in treating mild-to-moderate acne in 38 patients and found no significant difference.\[[@ref51]\] A small open-label split-face study comparing safety and efficacy of ALA plus KTP laser to KTP laser alone found that combined use of ALA and KTP laser was associated with greater acne improvement (52%) compared with KTP laser alone (32%).\[[@ref52]\]

### Pulsed dye laser {#sec3-4}

The 585 nm PDL, similar to KTP laser, has been primarily used for the selective photothermolysis of vascular lesions but more recently has been used for inflammatory cutaneous disorders. A systematic review of PDL treatment for inflammatory conditions revealed nine studies on PDL treatment for acne with evidence that PDL may be an effective treatment for acne.\[[@ref53]\] PDL has also been used for the treatment of hypertrophic facial acne scars.\[[@ref54]\] PDL was thought to act by reducing *P. acnes* or sebaceous gland activity. However, Seaton *et al.* demonstrated that the PDL did not have any effect on the degree of *P. acnes* colonization or sebum production and found that the efficacy of this laser is likely through its local anti-inflammatory effects via upregulation of TGF-β.\[[@ref55]\] In another study, Seaton *et al.* examined the utility of PDL for inflammatory acne in a randomized controlled trial involving 41 adults.\[[@ref56]\] At week 12, the average total lesion count fell by 53% in patients treated with the PDL compared with 9% in the sham control group. Similarly, the inflammatory lesion counts fell by 49% in PDL-treated patients compared with 10% in control group. In a smaller split-face study comparing PDL with untreated control in 10 patients, single treatment of PDL resulted in visible therapeutic improvement in 50% of patients at six weeks post-treatment, although two patients had worsening of acne.\[[@ref57]\] However, a randomized single-blind, controlled, split-face study by Orringer *et al.* involving 40 patients did not show significant improvement in facial acne with the nonpurpuric PDL therapy at the end of 12 weeks.\[[@ref58]\]

A limited number of studies examined PDL compared with or in combination with conventional acne therapy. Shariff *et al.* reported safety and efficacy of PDL combined with multiple medical therapies in a female patient with severe acne vulgaris and a history of medical comorbidities, which contraindicated the use of most conventional first line therapies.\[[@ref59]\] In another study, a group of 15 patients were treated with PDL and compared with 15 patients who received topical treatments (topical vitamin A acid, benzoyl peroxide) and another 15 patients who received chemical peels (trichloroacetic acid 25%).\[[@ref60]\] Improvement of acne lesions was noted in all three groups with no significant difference in improvement between the three treatment protocols. However, PDL was associated with higher remission in the follow-up period. In a randomized controlled single-blinded trial, efficacy of adjuvant PDL treatment when combined with proven topical treatment (fixed-combination clindamycin 1% and benzoyl peroxide 5% hydrating gel) was examined in 80 patients.\[[@ref61]\] Although topical treatment alone and topical treatment combined with PDL both produced acne improvement, there was no significant difference in the extent of improvement. Taken together, there is limited evidence of increased benefit of PDL either used alone or in combination with conventional therapies for acne treatment when compared with conventional therapies alone.

Two studies have examined efficacy of PDL in combination with photodynamic therapy. In a randomized controlled trial involving 15 patients, Haedersdal *et al.* compared long-PDL (LPDL) alone versus LPDL with MAL.\[[@ref62]\] Inflammatory acne lesion counts were reduced more significantly on the MAL-LPDL site than LPDL site alone at 4 weeks (70% vs 50%) and 12 weeks (80% vs 67%). Orringer *et al.* conducted a randomized, controlled, split-face, single-blind clinical trial of 44 patients comparing ALA with PDL with an untreated control side.\[[@ref63]\] Global acne severity improved bilaterally, although improvement was statistically significantly greater in ALA-PDL-treated skin than in untreated skin. Erythematous macules from previous active inflammatory lesions also decreased in treated skin. Notably, however, no statistically significant difference in any other acne subtype counts was noted between treated and untreated sides. More patients experienced improvement in inflammatory lesion counts than in noninflammatory lesion counts (30% vs 7% of patients.)

### Infrared laser {#sec3-5}

IR laser (1320, 1450, and 1540 nm) is commonly used for nonablative facial skin rejuvenation but several studies have examined its utility in treating acne.\[[@ref64]\]

### 1320 nm laser {#sec3-6}

In a randomized, controlled, single-blind, split-face clinical trial of 46 patients with facial acne, a series of three nonablative laser treatments with 1320 nm neodymium: yttrium--aluminum--garnet (Nd: YAG) laser resulted in transient but significant improvement in open comedones counts (27% decrease) compared with untreated control (12% decrease), but no difference in papule, pustule, and closed comedone counts or sebum production.\[[@ref65]\] A later pilot study of 35 patients with moderate-to-severe acne treated with fractional 1320 nm Nd: YAG laser therapy reported 57% reduction in inflammatory lesions and 35% reduction of noninflammatory lesions as well as significant reduction of sebum level by 30%.\[[@ref66]\]

### 1450 nm diode laser {#sec3-7}

In an early pilot study without a control group, 19 patients with inflammatory facial acne were treated with 1450 nm diode laser at 4- and 6-week intervals.\[[@ref67]\] All patients had a reduction in acne lesions with 37%, 58%, and 83% decrease in lesion counts after one, two, and three treatments, respectively. The treatment was well tolerated. In a follow-up study, Jih *et al.* evaluated dose response of a 1450 nm diode laser for treatment of facial acne, sebum production, and acne scarring using two laser fluences, and examined long-term remission after completion of laser treatment.\[[@ref68]\] Both fluences (14 or 16 J/cm^2^) resulted in reductions in the mean acne lesion counts after 1 and 3 treatments, with persistent reduction of 70.5%--76.1% reduction at 12-month follow-up indicating significant long-term remission. In addition, there was improvement in acne scarring and sebum production, supporting the hypothesis that therapeutic mechanism of this laser involves reduced sebaceous gland activity. However, in a randomized split-face, investigator-blinded study, treatment with 1450 nm laser did not reduce inflammatory lesion count or acne grade compared with untreated control side.\[[@ref69]\]

Three studies examined the efficacy of 1450 nm laser combined with another modality for treatment of acne. One study reported a reduction of acne lesional counts on the upper back at six months after four treatments with 1450 nm laser and cryogen (mean reduction 98%) compared with cryogen alone (mean reduction 6%).\[[@ref70]\] In contrast, the combination of microdermabrasion plus 1450 nm laser (55.6% reduction in acne lesions) was not significantly different from 1450 nm laser alone (53.5% reduction in acne lesion) in inflammatory facial acne clearance.\[[@ref71]\] Glaich *et al.* studied the combined use of 595 nm PDL and the 1450 nm diode IR laser in 15 patients with inflammatory facial acne and found a significant mean decrease in lesional count by 52%, 63%, and 84% after one, two, and three treatments.\[[@ref72]\] This demonstrated the use of combination lasers as a safe and effective modality for the treatment of inflammatory facial acne, acne scarring, and post-inflammatory erythema. However, the effects of the PDL or the 1450 nm diode laser used alone are undetermined.

### 1540 nm erbium laser {#sec3-8}

Several studies have examined the effect of a 1540 nm erbium glass laser treatment on acne. Bogel *et al.* reported 78% improvement in acne at 6-month post-treatment in 15 patients with moderate to severe inflammatory facial acne receiving laser therapy four times at 2-week intervals.\[[@ref73]\] There was no change in sebum production. Angle *et al.* found evidence of long-term acne remission after four laser treatments performed at 4-week intervals.\[[@ref74]\] The mean percent reduction of acne was 71%, 79%, and 73% at 6-month, 1-year, and 2-year follow-ups.

Taken together, studies of IR lasers on acne treatment have produced mixed results with unclear benefits. In addition, several studies are limited by small sample size or lack of controls. No studies have compared IR lasers to conventional therapy. More studies with increased sample size, randomization, and controls will be needed to clearly delineate benefits of IR lasers as an acne therapy.

Photodynamic therapy {#sec2-5}
--------------------

PDT works via application of a photosensitizing agent immediately prior to light exposure. Commonly used photosensitizers include ALA or MAL. New photosensitizers include indocyanine green (ICG) and indole-3-acetic acid. A photosensitizer is absorbed by pilosebaceous units and upon activation by light of an appropriate wavelength, is converted via the heme biosynthetic pathway to protoporphyrin IX and subsequently produces reactive oxygen species that exert bactericidal effects on *P. acnes* and damage the pilosebaceous units. Light sources include lasers, LED, fluorescent lamps, and filtered incandescent or arc lamps.\[[@ref3][@ref64][@ref75]\]

A 2009 systematic review of laser and light therapies for treatment of acne analyzed data from two trials comparing PDT to placebo, which showed a significant reduction in inflammatory lesion counts in the PDT group compared with placebo.\[[@ref9]\] The two studies showed a reduction in inflammatory lesions of 27.6%, 37.9%, and 41.9% at 1, 3, and 6 months using ALA with 630 nm light for mild-to-moderate acne, and 68% at 12 weeks for MAL with 630 nm light for moderate-to-severe acne.\[[@ref76][@ref77]\] More recently, in a large self-controlled multicenter trial with 397 patients in China, low-dose ALA (5% gel) with one hour incubation and 633 nm LED light resulted in overall clearance rates of 82.1% after three or four treatment sessions.\[[@ref78]\] The efficacy of ALA-PDT was noted to increase with corresponding baseline acne severity.

Several studies comparing the effectiveness of PDT versus light therapy alone have found increased benefit of PDT over light therapy alone. Hongcharu *et al.* compared four treatment protocols: ALA plus red light (550--700 nm), ALA alone, red light alone, and untreated control for back acne.\[[@ref79]\] ALA plus red light showed clinically and statistically significant clearance of inflammatory acne for up to 20 weeks after multiple treatments and for up to 10 weeks after a single treatment. No improvement was noted for ALA alone, red light alone, or untreated sites. Similar results showing a significant reduction in inflammatory acne lesions for ALA-PDT (69% at three weeks follow up) but none for ALA alone, 635 nm light alone, or untreated sites were obtained in a smaller study by Pollock *et al.*\[[@ref80]\] In contrast, in a split-face trial comparing 500--700 nm light plus ALA versus light alone, Rojanamatin *et al.* found improvement of inflammatory facial acne in both ALA-PDT and light alone treated.\[[@ref81]\] However, lesions decreased significantly after one treatment on the ALA-PDT site compared with after two treatments on the light monotherapy site and ALA-PDT was associated with greater mean acne reduction (87.7%) compared with light monotherapy (66.8%) at 12 weeks. Other studies have found increased benefit of MAL-PDT compared with light alone, and ICG-PDT compared with light or ICG alone.\[[@ref82][@ref83][@ref84]\] In addition, MAL-PDT-treated skin had decreased amounts of sebocytes and lipids along with atrophic sebaceous glands.

According to the authors' experience and pilot study (*n* = 5, unpublished data), ALA-PDT for moderate inflammatory acne demonstrated global clearance of 70%--80% with single treatment and up to 95% for two or three sessions that were performed sequentially every 4--6 weeks. In these protocols, ALA (Levulan, Kerastick) was applied per standard protocols with incubation time 120--180 min, and PDT was activated through a split-face approach with long PDL (595 nm, Candela) versus blue light at 417 + 5 nm (BLU U, DUSA). Both methods induced typical postoperative photobiological responses with redness followed by skin peeling and complete healing within 7--10 day follow-up. PDT mediated with PDL provides the possibility for application of pulse stalking during treatment, in order to address more difficult-to-treat areas. In these series, the patients held topical therapies 48 h prior to therapy (including, and not limited to, topical retinoids) and resumed their topical regimens once peeling and redness was resolved. According to authors' observations, PDT facilitated better acne control under regular topical regimen with significant delay of inflammatory acne flare-ups in a time period of 12--18 months.

In general, evidence supports that PDT therapy can improve acne lesions, has increased benefit when compared with light therapy alone, and that inflammatory lesions have a more robust response.

Photopneumatic technology {#sec2-6}
-------------------------

Photopneumatic technology for acne treatment is relatively a new therapy that has not been extensively studied. Photopneumatic devices combine gentle negative pressure with broad band pulsed light (400--1200 nm).\[[@ref85][@ref86]\] The negative pressure creates suction, which raises target structures in the dermis closer to the surface of skin prior to light exposure thus allowing more efficient energy transmission. Moreover, this suction pressure also helps to open the sebaceous gland allowing it to evacuate sebum, bacteria, and dead skin cells. Photopneumatic technology may also act by decreasing sebaceous gland activity. Omi *et al.* reported ultrastructural evidence of thermal injury to bacteria and pilosebaceous units in eight patients treated with photopneumatic therapy.\[[@ref77]\]

There have been a small number of studies evaluating photopneumatic technology for acne treatment. A small study with 11 patients by Gold *et al.* evaluated the use of photopneumatic technology for the treatment of mild-to-moderate acne.\[[@ref87]\] Patients received four treatments at 3-week intervals. They reported a reduction in both inflammatory (78.8%) and noninflammatory lesion counts (57.8%) at three months post-treatment. A larger study with 20 patients with mild to severe facial acne reported modest reduction in acne lesion counts and global clinical improvement after four treatments 2-week intervals.\[[@ref88]\] In a split-face study, efficacy of photopneumatic therapy compared with untreated control was evaluated in 20 patients mild to moderate facial acne after receiving four treatments at 2-week intervals. There was a significant decrease in both inflammatory and noninflammatory acne lesion counts at three months postfinal treatment (37.5% and 41.38%, respectively).\[[@ref89]\] Treatment was well tolerated with a few patients experience transient erythema, purpura, and/or exacerbation of pre-existing acne. Finally, in a retrospective multicenter study, clinical data was collected from 56 patients with mild-to-severe acne who had been treated 2--4 times with a portable photopneumatic device. Results of this study demonstrated that the median physician-rated clearance increased from 50% after a single treatment to 90% after the fourth treatment, whereas the median patient-rated clearance improved from 50% after a single treatment to 78% after the fourth treatment.\[[@ref90]\]

Based on the limited number of studies, photopneumatic technology is safe and does demonstrate some efficacy in treatment of acne both in terms of short-term benefits as well as sustained remission. However, more studies involving larger numbers of subjects with longer follow-up periods, as well comparing photopneumatic technology to other therapy modalities, are required to validate the currently available evidence.

Self-use devices {#sec2-7}
----------------

Several US Food and Drug Administration (FDA)-approved optical devices for the treatment of acne exist. However, the approval process for devices may not follow the same stringent process as for pharmaceutical agents.\[[@ref3]\] Therefore, clinicians should not assume the same level of safety or efficacy for approved optical devices as for approved pharmaceutical agents.

One study investigated safety and efficacy of at-home treatment of mild to moderate inflammatory acne with a FDA-approved blue light device (412 nm) at 2 J/cm^2^/day (equivalent to typical full-face treatment) or 29 J/cm^2^/day (equivalent to typical dose after localized spot treatment).\[[@ref20]\] Results showed that blue light at both doses were effective in reducing the number of inflammatory lesions and acne flares and associated with improved cosmesis. In addition, 53% of subjects found blue light treatment to be much gentler than conventional acne treatment and 61% reported satisfaction with the treatment. Gold *et al.* reported a significant decrease in mild to moderate inflammatory acne at 1 and 3 months with home use of Silk'n Blue LED device (405--460 nm) in 17 patients.\[[@ref21]\] Patients demonstrated a good understanding of device labeling and experienced no adverse events. Another study evaluated the efficacy of a combination of blue light (415 nm) with red light (633 nm) in reducing inflammatory acne lesions with mild-to-moderate acne after eight 20--30 minute self-administered treatments with a hand-held unit over four weeks.\[[@ref24]\] Lesion counts were reduced 69% at eight weeks post-treatment course.

Complications of light and laser based therapies {#sec2-8}
------------------------------------------------

In general, light- and laser-based treatments are safe in trained hands and are not associated with long-term complications. Many of the immediate post-treatment phenomena such as mild-to-moderate pain, erythema, or minimal edema are transient and resolve spontaneously requiring no treatment.\[[@ref9][@ref64]\] Blue and blue-red light therapy is well tolerated. Short-term adverse effects such as mild redness, dryness, itchiness, or stinging are self-resolving. No studies have studied long-term adverse effects.

Nonablative lasers achieve limited penetration depth in skin and therefore adverse reactions mostly involve operative discomfort and postoperative skin pigment changes. Discomfort during and shortly after treatment is described as burning, tingling, or itching. The most common adverse effects are mild discomfort, erythema, purpura, edema, blistering, and crusting, which usually spontaneously resolve within 48 h.\[[@ref25]\] PDT has been found in some patients to be associated with considerable treatment-related pain and post-treatment erythema, pustular reactions, and epithelial exfoliation.\[[@ref64]\] These reactions were found to be both short lasting and self-limited.

During procedures, the authors have found that implementation of different cooling methods, which may be incorporated into the light device or achieved by cool mist spray, ice, or cool air, to be helpful in alleviating discomfort. Topical anesthetic creams can be applied. As the majority of light devices target hemoglobin, and in the case of PDT oxygen supply plays a key role, topical anesthetics that may cause vasoconstriction are applied in moderation because they can decrease efficiency. Nerve blocks have also been used when extensive areas are treated. Patient feedback during procedures can be a good indication for navigating the settings of our devices. Application of topical steroids is limited to only in cases where pronounced skin irritation and intense pruritus are present shortly after the procedure. Postoperative discomfort due to nonablative light devices, if any, can further be managed with low-to-moderate doses of acetaminophen.

Post-treatment hyper- and hypopigmentation are also possible. Strict avoidance of sunlight for at least 24 h is necessary after treatment with ALA-PDT as light can provoke further porphyrin activation and lead to a phototoxic reaction.\[[@ref3]\] Although the use of nonablative lasers in darker skin types may involve higher risks for inducing postinflammatory pigment changes, optimal operative settings in experienced hands reduce significantly the risks for permanent adverse reactions. Moreover, right candidate selection and patient compliance are fundamental to achieve the optimal outcome. Pretreatment with topical application of hydroquinone as well as strict sun protection and sunscreen application daily play a significant role in preventing skin pigment changes. A detailed counseling on sun avoidance or sun protection with broad spectrum sunscreen along with postoperative skin care instructions can be provided in writing.

For light-based devices such as PDT that work via selective photothermolysis of sebaceous glands, some concerns have been raised over its long-term safety as the pilosebaceous units may serve an important role in the immune system of the skin.\[[@ref9]\] However, more studies are needed to examine long-term safety of PDT and other light-based devices.

SUMMARY {#sec1-2}
=======

Significant progress has been made so far in light-based treatment of acne. The strongest evidence for efficacy of light-based therapies for acne is for blue and blue-red light, with the greatest effect on mild to moderate inflammatory acne lesions. There is also evidence that PDT is effective in treating inflammatory acne lesions, although the adverse effects, mostly short term and self-resolving, tend to be more severe than blue light. However, many of the clinical studies have small numbers of enrolled patients, are short in duration, and lack sufficient controls. There is also insufficient data to determine the precise optimal device, dosing, and number of treatments required in using these procedures for acne treatment. In addition, conclusions on the efficacy of light-based therapies are limited by the few number of studies comparing light-based treatments with standard pharmaceutical treatments such as antibiotics and retinoids. Going forward, as the most effective devices such as blue or visible light primarily reduce inflammatory lesions, more effective treatment of acne may be achieved if light therapy is combined with agents with anticomedogenic and comedolytic properties such as topical retinoids.

No specific studies have conducted a cost-analysis of light-based versus conventional therapies for acne. Most patients in the studies received light therapy as part of a trial in a clinic-based setting; although reimbursement by medical insurance can be received sometimes, it remains unclear whether these patients in reported trials provided out-of-pocket payments or received insurance coverage. Acne is a chronic condition that can require multiple medical visits and a wide spectrum of therapeutic modalities in combination in order to achieve management and stable results. Pertinent data supports that light devices can achieve control of acne flares when used as monotherapies or in combination with other modalities. As the vast majority of the applied devices are cleared by FDA, it remains hopeful that light devices may be approved by medical insurance plans for acne therapies in the near future. Finally, the recent development of various home-use devices may be more cost effective as they involve a one-time payment with unlimited usage; however, their efficacy and cost effectiveness compared with conventional therapies has not been studied.
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